From 2007, an extracorporeal membrane oxygenation (ECMO) retrieval service has been developed in New South Wales. This included the introduction of statewide referral indications, designated receiving hospitals (Royal Prince Alfred Hospital [RPAH] and St. Vincent's Hospital, Sydney) and the development of capabilities within the New South Wales Ambulance Service for the transportation of these patients by road, helicopter and fixed-wing aircraft.
In addition, a jet transportation capability was developed separately though Careflight International for long distance ECMO retrievals. We describe our early experience with five international referrals for ECMO support from Gaston Bourret Hospital in Nouméa, New Caledonia. This hospital has a Level 2 1 intensive care unit and provides vascular and thoracic surgical services, but no cardiac surgery.
METHODS
Following local hospital ethics approval, data were collected on all patients who were referred from Gaston Bourret Hospital, Nouméa for ECMO support between 1 March 2007 and 1 June 2010.
Accepted ECMO referrals
ECMO referrals were directed to the on-call intensivist at RPAH and discussed between a cardiac anaesthetist, cardiac surgeon and respiratory physician who were all experienced in ECMO retrievals. Telephone and email were used to communicate patient details (such as weight, ventilator settings, blood results and imaging). Referrals were accepted if the patient was considered to have severe, but potentially reversible acute respiratory or cardiac failure that was refractory to maximal conventional therapy.
Retrieval team composition and transportation
All patients were transported by small jet aircraft which could accommodate one patient and either three or four passengers (Westwind executive jet or Learjet). The ECMO retrieval team comprised a cardiac anaesthetist (who performed echocardiography and managed the ECMO circuit) and a cardiac surgeon (who performed the ECMO cannulation), along with a flight nurse and a retrieval doctor (depending on the number of seats available).
Patient airport-hospital transfers were via conventional road ambulance from the referring hospital and via large ambulance multi-purpose vehicle to RPAH.
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ECMO details
Consent was obtained by the local medical staff from the patient's next-of-kin.
ECMO cannulation was performed in the intensive care unit with the assistance of local operating theatre nurses. Veno-venous ECMO was used for respiratory failure and veno-arterial for cardiogenic shock.
Following the administration of heparin 5000U intravenously, percutaneous cannulation was performed (with echocardiography guidance) via the femoral vessels +/-the right internal jugular vein, using Biomedicus (Medtronic Inc., Minneapolis, MN, USA) or double-lumen Avalon (Rancho Dominguez, CA, USA) cannulae. Maquet Rotaflow centrifugal pumps and Quadrox D oxygenators (Rastatt, Germany) were used in all cases. Heater units were not used during transportation.
RESULTS
Four patients were retrieved from Nouméa, New Caledonia to RPAH (Tables 1 and 2 ). The patients were transported 2020 km.
The retrieval of the first three patients was uneventful. However, the fourth patient was complicated by pericardial tamponade, presumably due to perforation of the heart by the guide-wire used during cannulation. This was managed with a percutaneous drain prior to departure from Nouméa. During the return flight, the oxygen supply ran low because the 8000 l supply (which was estimated to last about eight hours) was rapidly exhausted by an old oxygen-driven transport ventilator (Rescu-Vent ER100, Ulco Medical, Sydney, NSW), which proved to be very inefficient in a patient with very poor lung compliance due to severe pulmonary oedema. As a result, the patient had to be manually ventilated for the last hour of flight while the plane was diverted to Brisbane to pick up additional oxygen. Following a successful mitral valve replacement, the patient required an above-knee amputation due to an ischaemic leg. This could have been prevented if a femoral arterial backflow cannula had been inserted while he was on ECMO support. One patient died before the arrival of the ECMO retrieval team. This was a 20-year old female with acute myocarditis. She was in cardiogenic shock (on an intra-aortic balloon pump) for nine hours prior to referral and 16 hours before the retrieval team could depart from Sydney.
DISCUSSION
Interest in adult ECMO is increasing due to improving survival rates, particularly for severe respiratory failure 2 . However, patients who are candidates for ECMO support are also at risk of deterioration during conventional retrieval to an ECMO centre. These patients may not tolerate the transition to transport ventilators (which are less effective than intensive care unit ventilators when lung compliance is reduced) 3, 4 . Patients with critical respiratory failure who require transportation by jet aircraft are at additional risk because the inspired partial pressure of oxygen falls by 25% at normal flight altitude 5 .
There has recently been an increase in the use of ECMO support in Australia and New Zealand. During the 2009 H1N1 epidemic, 68 patients received ECMO support and 54 (79%) survived 6 . This was established in the referring hospital in 38 cases (56%). In a recent series from NSW, 40 adults were transported on ECMO support (including 16 H1N1 cases from the previous study and two Nouméan cases from the present study). Transportation was successful in all cases and 34 patients (85%) survived to hospital discharge 7 .
Two recent advances in perfusion technology have considerably simplified the logistics of transporting patients on ECMO support. The Rotaflow pump used in the cases presented has been superseded by the Cardiohelp device (both from Maquet, Getinghe Group, Germany). The Cardiohelp integrates the pump, oxygenator and console into a single, compact unit, which is much easier to secure in a small aircraft. The second development is a double-lumen catheter for veno-venous ECMO cases (Avalon Elite, Avalon Laboratories, Rancho Dominguez, CA, USA). This catheter is placed percutaneously via the right internal jugular vein, draining blood from both vena cavae (via the outer lumen) and returning oxygenated blood to the right atrium (via the inner lumen). The use of this single ECMO access line replaces the conventional two or three cannulae configuration, which reduces the circuit length and complexity (Figure 1 ).
While changes in ECMO cannula design have improved considerably the ease of percutaneous insertion, the inclusion of a cardiac surgeon in these retrievals is invaluable should open cannulation be required or should complications occur (such as our patient who developed pericardial tamponade).
The cases presented are the first international retrievals using ECMO support from Australia. There is limited literature on international ECMO retrievals in adults. International ECMO retrieval has mostly been performed in paediatric patients 8 , using large medical teams (10 to 15 people) and large military aircraft 9, 10 . This approach is considerably more expensive than the small teams and aircraft used in our patients ($70,000 to $160,000 vs approximately $35,000 Australian dollars for transportation costs).
Fatigue is a significant issue with the use of smaller ECMO teams, as these retrievals can take more than 24 hours. Once the patient was safely established on ECMO, the return leg could be delayed until the retrieval team had rested. Alternatively, a larger aircraft could be used which could ideally accommodate at least two extra team members; another perfusionist (who could be rested until the return leg) and an observer undergoing training.
There were potentially avoidable delays that occurred in the patient with myocarditis who died before the arrival of the ECMO team. These delays could have been minimised by earlier referral and by the development of a faster authorisation process for these time-critical retrievals.
In summary, our early experience suggests that the international retrieval of adults on ECMO support is feasible with the use of small aircraft and retrieval teams. While good patient outcomes may be possible, early referral is essential.
